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1  | INTRODUC TION
Dermatophytes are a group of keratinophilic fungi with global distribu-
tion that based on the newest proposed taxonomy consist of more than 
50 species in the genera of Trichophyton, Microsporum, Epidermophyton, 
Nannizzia, Arthroderma, Lophophyton, and Paraphyton.1,2 Ecologically, 
they are divided into human- adapted (anthropophilic), animal- associated 
(zoophilic), and soil- dwelling (geophilic) species. Regardless of their host 
preferences, all species can digest keratinous materials of epidermal 
stratum corneum as well as its appendages such as nail, hair, hoof, horn, 
claw, and feather in humans and animals, causing a spectrum of super-
ficial fungal infections that are medically termed as dermatophytosis 
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Summary
Conventional direct microscopy with potassium hydroxide (KOH) and culture were 
found to lack the ability to establish a fast and specific diagnosis of dermatophytosis. 
A	pan-	dermatophyte	nested-	PCR	assay	was	developed	using	a	novel	primer	pair	tar-
geting the translation elongation factor 1- α (Tef- 1α) sequences for direct detection 
and identification of most veterinary relevant dermatophytes in animal samples sus-
pected to dermatophytosis. A total of 140 animal skin and hair samples were sub-
jected	to	direct	microscopy,	culture,	and	ITS-	RFLP/ITS-	sequencing	of	culture	isolates	
for	 the	 detection	 and	 identification	 of	 dermatophytosis	 agents.	 Nested-	PCR	 se-
quencing	was	performed	on	all	the	extracted	DNAs	using	a	commercial	kit	after	dis-
solving	the	specimens	by	mechanical	beating.	Nested-	PCR	was	positive	 in	90%	of	
samples,	 followed	 by	 direct	microscopy	 (85.7%)	 and	 culture	 (75%).	 The	 degree	 of	
agreement	between	nested-	PCR	and	direct	microscopy	(94.4%)	was	higher	than	with	
culture	 (83.3%).	 In	105	culture-	positive	 cases,	 the	measures	of	 agreement	 for	 the	
identification	 of	 dermatophytosis	 agents	were	 as	 follows:	 100%	between	nested-	
PCR	sequencing	and	ITS-	RFLP/ITS-	sequencing	and	63.8%	between	nested-	PCR	se-
quencing	and	culture.	The	developed	nested-	PCR	was	faster	as	well	as	more	sensitive	
and specific than conventional methods for detection and identification of dermato-
phytes in clinical samples, which was particularly suitable for epidemiological 
studies.
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(ringworm or tinea).3,4 Dermatophytosis is often enumerated as a self- 
healing infection; however, animal dermatophytosis has attracted spe-
cial attention in light of its contagiousness among pets and livestock, its 
zoonotic transmission to humans, its high cost of therapy, and lack of 
control measures. In livestock, especially cattle, sheep, and goat, der-
matophytosis may lead to serious economic losses due to the negative 
impact on growth of affected animals, as well as their milk and meat pro-
duction.5 Ringworm also leads to losses in the leather- related industries.5 
Moreover,	it	has	been	reported	as	one	of	the	most	important	morbidity	
factors in veterinary species.4 The accurate diagnosis of this infection 
and distinction of its causative agents are of great importance to track 
the source of dermatophytosis, to get appropriate treatment, and to 
better understand the epidemiological trends.6,7 Current standard ap-
proaches for diagnosis of human and animal dermatophytosis rely on 
conventional microscopic detection of fungal elements (arthroconidia 
and/or hyphae) in KOH preparation of clinical specimens as well as fur-
ther morphological and biochemical analyses of in vitro cultures.7-10 With 
direct microscopy, the infection can be confirmed but its drawbacks are 
as follows: failure to distinguish between dermatophytic and nonderma-
tophytic elements, inability to identify the causative agent at genus or 
species level, and numerous false- negative results due to lack of train-
ing.6,10,11 Culture in selective media is frequently associated with a poor 
sensitivity, mainly due to the development of a large variety of fungal or 
bacterial contaminants and also the presence of nonviable arthroconidia 
or mycelia in infected materials.4,5,12 Thus, a highly sensitive and specific 
method for fast and precise detection of dermatophytes would meet the 
practitioners’ requirements and could significantly increase the man-
agement	of	cases	suspected	to	dermatophytosis.	Since	late	1990s	and	
with the advent of molecular biology, many attempts have been concen-
trated	on	the	development	of	early	and	reliable	PCR-	based	alternatives	
to direct microscopy and culture for the diagnosis of dermatophytosis. 
Some	PCR-	based	methods	targeting	the	internal	transcribed	spacer	(ITS)	
regions,8,9	Chitin	synthase	(CHS),6,10 Topoisomerase II,13 and beta tubu-
lin11 genes are examples of these efforts for the direct detection of der-
matophytes, mainly in human dermatophytosis. However, to date, there 
has been no molecular study devoted to evaluate fast and reliable pro-
cedures for the diagnosis of dermatophytosis in clinical animal materials. 
Our recent study revealed that translation elongation factor 1- α (Tef- 1α) 
was sufficiently polymorphic for the identification of dermatophytes up 
to the species level, and a pan- dermatophyte specific primer pair was de-
veloped for phylogenetic evaluation of dermatophytes species.14 In this 
study, we aimed to develop a novel set of primers amplifying a shorter 
DNA	 fragment	 from	 the	 internal	 sequence	of	Tef-	1α in the format of 
a	nested-	PCR	assay	 for	both	detection	and	 identification	of	dermato-
phytes directly in animal materials suspected to dermatophytosis.
2  | MATERIAL S AND METHODS
2.1 | Animal samples and mycological investigation
The	 ethical	 approval	 (IR.AJUMS.REC.1395.403)	 was	 granted	 by	
the	research	ethics	committee	of	Ahvaz	Jundishapur	University	of	
Medical	 Sciences,	 Ahvaz,	 Iran.	 Epidermal	 scales	 and	 hair	 samples	
from 140 symptomatic sheep, goat, cattle, dogs, cats, and horses 
were included in the study. The surface of lesion in symptomatic 
animal	was	gently	wiped	with	70%	ethanol	and	the	ethanol	allowed	
to evaporate. Then skin scales and hairs were collected by scraping 
from	the	border	of	the	lesion	into	a	sterile	Petri	dish	using	a	sterile	
scalpel blade. The first portion of each sample was microscopically 
investigated	using	20%	KOH	for	the	presence	of	branched	hyphae	
and arthroconidia. Observation of the fungal active forms of branch-
ing hyphae or arthroconidia was considered as positive case. The 
other	part	was	inoculated	on	Sabouraud’s	dextrose	agar	containing	
0.05%	chloramphenicol	and	0.5%	cycloheximide	(Mycosel	Agar;	BD	
Difco,	Sparks,	MD,	USA)	and	incubated	at	28°C	(and	37°C	in	cases	
suspected to T. verrucosum) for 1 month before being regarded as 
negative.	Primary	identification	of	isolates	was	carried	out	relying	on	
the macro and micromorphological features of the colonies,15 which 
were then subjected to additional molecular identification.
2.2 | Molecular identification
All isolates from culture- positive samples were specified up to the 
species	 level	 by	 a	 PCR-	RFLP	 assay	 targeting	 the	 ribosomal	 DNA	
internal	 transcribed	spacer	 (ITS)	 regions.16	The	genomic	DNA	was	
mechanically isolated from dermatophyte strains by bead beating 
of	a	small	amount	of	each	colony	in	a	homogeniser	(SpeedMill	Plus;	
Analytik	Jena,	Jena,	Germany)	as	described	previously.17	ITS	regions	
in	each	isolate	were	amplified	using	ITS1/ITS4	primer	pair18 and sub-
sequently digested with MvaI restriction enzyme in accordance with 
the	manufacturer’s	instructions	(Thermo	Fisher	Scientific,	Waltham,	
MA,	USA).	The	restriction	fragments	were	separated	through	elec-
trophoresis	on	2%	agarose	gel,	and	each	isolate	was	identified	based	
on a specific banding pattern described in the previous report.16
2.3 | DNA isolation from animal samples
Given that there was no established protocol for the extraction of 
fungal	DNA	from	infected	animal	scales,	we	developed	a	mechani-
cal method supplemented with a commercial kit (Qiagen, Hilden, 
Germany) for this purpose. Approximately 300 μg of each skin frag-
ment	and	hair	sample	was	transferred	to	a	2	mL,	round-	bottom,	and	
cryogenic microtube and was subsequently crushed with an iron rod. 
Then, 300 μg of 0.5 mm zirconium beads (Yasui Kikai Corporation, 
Osaka,	 Japan)	was	added	 to	each	 sample	and	 the	 tubes	were	 fro-
zen	 at	 −80°C	 for	 1	hour,	 immediately	 homogenised	 into	 powder	
using	 a	 bead	 beating	 machine	 (Multi-	beads	 shocker®; Yasui Kikai 
Corporation,	Osaka,	 Japan)	 at	 2100	rpm	 for	2	minutes.	 The	milled	
samples were then treated with 300 μL	 lysis	 buffer	 (10	mmol/L	
Tris·Cl	 pH	 8.0,	 10	mmol/L	 EDTA,	 100	mmol/L	 NaCl,	 40	mmol/L	
DTT,	2%	SDS,	250	μg/mL	Proteinase	K)	and	 incubated	at	56°C	for	
1	hour.	 Further	 extraction	 and	 purification	 of	 the	 genomic	 DNA	
from	 lysates	was	performed	using	QIAamp	DNA	mini	 kit	 (Qiagen)	
and	the	concentration	of	isolated	DNAs	was	quantified	with	Qubit® 
2.0	Fluorometer	(Invitrogen,	Carlsbad,	CA,	USA).
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2.4 | Pan- dermatophyte nested PCR
In	 our	 previous	 study,	 a	 set	 of	 primer	 pair	 as	 EF-	DermF	
(5-	CACATTAACTTGGTCGTTATCG-	3)	 and	 EF-	DermR	
(5- CATCCTTGGAGATACCAGC- 3) was introduced to amplify 
a	 700-	770	 base	 pair	 fragment	 from	 Tef-	1α of dermatophytes 
for phylogenetic purposes.14 Here, we developed a novel set 
of	 primer,	 that	 is	 Rez-	f	 (5′-	TTGGTCGTTATCGGCCACG-	3′)	 and	
Rez-	r	 (5′-	WTGTACTTGGGGGTCTCG-	3′)	 to	 amplify	 a	 DNA	
fragment	 from	 the	 internal	 sequence	 of	 the	 first-	round	 PCR	
product. To develop this novel primer pair, the available Tef- 1α 
sequences belonging to the most common dermatophyte spe-
cies causing animal dermatophytosis, that is Trichophyton men-
tagrophytes, T. verrusosum, T. benhamiae, T. simii, T. equinum, 
Microsporum canis, Nannizzia gypsea, N. nana, N. persicolor, 
N. fulva, Arthroderma uncinatum, and Paraphyton cookei were re-
trieved	from	GenBank	(Table	1)	and	were	included	in	the	study.	
Primer	design	was	performed	by	MEGA	software.
The	PCR	mixture	for	 first-	round	PCR	contained	25	μL	of	Taq	
DNA	 Polymerase	 2×	 Master	 Mix	 Red	 (Ampliqon;	 Skovlunde,	
Denmark),	 20	pmol	 of	 each	 primer	 (Bex	Co.,	 Ltd,	 Tokyo,	 Japan),	
5 μL	 of	 template	 DNA,	 and	 enough	 nuclease-	free	 water	 up	 to	
a final volume of 50 μL.	 The	 time-	temperature	 profile	 for	 PCR	
was	 as	 initial	 denaturation	 at	 94°C	 for	 5	minutes,	 followed	 by	
35	 cycles	 of	 denaturation	 at	 94°C	 for	 30	seconds,	 annealing	 at	
62°C	 for	 40	seconds,	 and	 extension	 at	 72°C	 for	 1	minute,	 with	
a	 final	 extension	 step	 at	 72°C	 for	10	minutes.	 The	PCR	mixture	
for	nested-	PCR	consisted	of	20	pmol	of	Rez-	f	and	Rez-	r	primers,	
a	 1:20	 dilution	 from	 the	 first	 PCR	 product,	 and	 the	 rest	 of	 the	
constituent was the same as the first- round reaction. The running 
conditions	were	similar	to	the	first-	round	PCR,	except	for	an	an-
nealing	temperature	of	58°C	for	30	seconds.	DNA	of	T. mentagro-
phytes	CBS	130940	and	double-	distilled	water	were	used	as	the	
positive and negative controls respectively. To document the am-
plification, 5 μL	of	product	from	nested	PCR	was	electrophoresed	
on	1.5%	agarose	gel.
2.5 | Validation of the specificity and sensitivity of 
nested- PCR
To determine the analytical performance and specificity of 
nested-	PCR	assay,	DNA	of	22	reference	strains	representing	the	
most important veterinary dermatophyte species (Table 1) and 
some saprophytic fungi, including Aspergillus flavus	 JCM	 2061,	
A. fumigatus	NBRC	4057,	and	Candida albicans ATCC 10231, were 
tested.	In	order	to	determine	the	lower	limit	of	nested-	PCR	detec-
tion, serial dilutions (100, 50, 25, 10, 5, and 1 ng/μL)	 from	DNA	
of the T. mentagrophytes	 strain	 CBS	 130815	 were	 prepared	 in	
Species Strain number
Estimated size of 
Tef- 1α (bp)
ITS accession 
number
Tef- 1 α 
accession 
number
Microsporum canis CBS	130798 522 JN134120 KM678151
CBS	130811 JN134125 KM678052
P. cookei NBRC	7862 556 JN134140 KM678208
N. fulvua CBS	130934 542 KT155781 KM678170
N. gypsea IFO	5948 551 JN134133 KM678196
CBS	130820 JN134130 KM678161
N. persicolor NBRC	5975 536 JN134144 KM678207
N. nana JCM	1907 545 JN134095 KM678199
CBS	321.61 DQ860795 KM678084
T. verrucosum CBS	563.50 564 - KM678049
CBS	554.84 Z98002 - 
T. mentagrophytes CBS	130815 565 JN133985 KM678178
CBS	130806 JN133989 KM678180
NBRC	5809 JN134101 - 
T. equinum CBS	270.66 541 KT155643 KM678075
CBS	109035 EF043279 - 
NBRC	31610 JN134108 KM678061
T. benhamiae JCM	1885 538 JN134093 KM678198
T. simii CBS	520.75 558 KT155934 KM678104
CBS	417.65 KT155890 KM678090
A. unicinatum CBS	130926 521 KT155779 - 
IFO	13978 JN134092 KM678197
Ta b l e   1 . Dermatophyte standard 
strains and related Tef- 1 α sequences used 
for	evaluation	of	nested-	PCR	in	the	study	
and estimated size of Tef- 1 α for each 
species
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DNA	extracts	from	three	samples,	which	were	negative	in	direct	
microscopy,	culture,	and	nested-	PCR.	Five	microlitres	of	each	di-
lution was used in a 50- μL	PCR	 reaction.	 The	 lowest	DNA	 con-
centration	leading	to	a	positive	nested-	PCR	was	considered	as	the	
detection limit of the assay.
2.6 | Sequencing of ITS and nested- PCR products
To	 verify	 the	 results	 of	 PCR-	RFLP,	 all	 isolates	 from	 culture-	
positive	samples	were	subjected	to	sequencing	of	the	ITS	r-	DNA	
regions as gold standard for the identification of dermatophytes. 
Briefly,	PCR	amplification	from	each	isolate	was	performed	with	
the universal primer pair, that is V9G19	and	LS26.20	Subsequently,	
the	products	were	sequenced	in	an	ABI	Prism™	3730	genetic	ana-
lyser	(Applied	Biosystems,	Foster	City,	CA,	USA)	with	the	internal	
primers	ITS1/ITS4.18 To confirm the specificity of the developed 
PCR,	nested-	PCR	products	from	all	reference	strains	and	clinical	
samples were subjected to bidirectional sequencing by Rez- f and 
Rez- r primers as described. The sequences of samples were then 
compared with those of strains contained in the validated Online 
Dermatophyte	 Database	 of	 the	 Westerdijk	 Fungal	 Biodiversity	
Institute	 (formerly	 Centraalbureau	 voor	 Schimmelcultures	 CBS,	
Utrecht,	 The	 Netherlands)	 to	 identity	 each	 agent	 down	 to	 the	
species level.
2.7 | Statistical analysis
All data from the study, including the type of animal scale, results 
of diagnosis of dermatophytosis, and identification of dermato-
phyte	agents	by	different	methods	were	transferred	to	IBM	SPSS	
Statistics	(version	22).	The	likelihood	ratios	to	get	a	positive	result	
by	 each	 of	 direct	microscopy,	 culture,	 and	 nested-	PCR	 sequenc-
ing tests with regard to the type of animal scale were determined 
using	Chi-	Square	test,	and	the	level	of	statistical	significance	was	
set at P < 0.05. The Kappa test was used to determine the degree 
of	agreement	between	nested-	PCR,	direct	smear,	and	culture	for	
the diagnosis of dermatophytosis, as well as the agreement be-
tween	nested-	PCR	 sequencing	 and	 ITS-	RFLP/sequencing	 for	 the	
identification of tinea agents.
3  | RESULTS
Out of 140 skin and hair samples from cattle (56), sheep (43), goats 
(12), cats (13), dogs (10), and horses (6) that were clinically suspected 
to	dermatophytosis,	120	(85.7%)	and	105	(75%)	cases	were,	respec-
tively,	 positive	 by	 direct	microscopy	 and	 culture,	 and	121	 (86.4%)	
cases by both direct microscopy and culture (Tables 2 and 3). The 
positivity rates for dermatophytes detection in direct microscopy, 
culture,	and	nested-	PCR	methods	were	the	highest	for	the	samples	
from	cattle	(96.4%-	98.2%;	P < 0.05) and the lowest for the samples 
from	cats	and	dogs	(60.9%-	78.3%).	In	primary	screening	of	culture-	
positive isolates, based on the macroscopic and microscopic fea-
tures of colonies, T. verrucosum (83) was found as the most frequent 
agent, followed by M. canis (9), T. mentagrophytes	 (7),	and	N. gypsea 
(1) (Table 3). In five cases, the isolates could not be identified due to 
lack of helpful characteristics (sterile hyphae). Restriction digestion 
and	sequencing	of	ITS-	rDNA	products	in	105	culture	isolates	led	to	
identification of T. verrucosum (54) as the main causative agent, fol-
lowed by T. mentagrophytes (38), M. canis (12), and N. gypsea (1). In 
nested-	PCR,	the	Tef-	1α was successfully amplified from all dermato-
phyte	reference	strains	and	126	out	of	140	animal	scales	(90%)	but	
not from nondermatophyte species, yielding a single band of about 
500	base	pair	(Figures	1	and	2).	Totally,	the	highest	rates	of	positiv-
ity for dermatophyte detection in increasing order were found by 
direct	microscopy,	culture,	and	nested-	PCR	(75%,	85.7%,	and	90%	
respectively). This difference was statistically significant (P < 0.05). 
By	statistical	analysis	with	Chi-	square	test,	the	probability	of	direct	
microscopy,	 culture,	 and	 nested-	PCR	 positivity	was	 also	 found	 to	
be significantly higher in samples from cattle than other animals 
(P < 0.05) (Table 2). Considering direct microscopy as gold standard, 
sensitivity,	 positive,	 and	 negative	 predictive	 value	 of	 nested-	PCR	
was	found	to	be	as	99.2%,	94.4%,	and	92.9%	respectively.	The	query	
Tef- 1α sequences form dermatophyte reference strains and animal 
scales	were	searched	against	known	sequences	in	GenBank,	and	the	
results	of	identification	were	exactly	consonant	with	ITS-	RFLP/ITS-	
sequencing results. This led to the detection and identification of 
T. verrucosum (55) as the dominant agent, followed by T. mentagro-
phytes (53), M. canis (16), Nannizzia gypsea (1), and N. fulva	 (1).	 For	
the diagnosis of dermatophytosis, the degree of agreement between 
Examination method Nested PCR (+) Nested PCR (−) Total (%)
DM	(+) 119 1 120	(85.7)
DM	(−) 7 13 20 (14.3)
Total 126 14 140 (100)
C	(+) 105 0 105	(75)
C	(−) 21 14 35 (25)
Total 126 14 140 (100)
DM	and/or	C	(+) 120 1 121 (86.4)
DM	and	C	(−) 6 13 19 (13.6)
Total 126 14 140 (100)
C,	culture;	DM,	direct	microscopy.
Ta b l e   2 . Comparison of direct 
microscopy,	culture,	and	nested-	PCR	for	
diagnosis of dermatophytosis
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Ta b l e   3 . Results of dermatophyte species identification in regards to the type of animal and method of identification
Animal Methods
Species
TotalNegative T. verrucosum T. mentagrophytes M. canis N. gypsea N. fulva Unknown
Cattle Nested-	PCR	sequencing 1 54 1 - - - - 56
ITS-	sequencing 2 53 1 - - - - 56
Culture 2 51 1 - 1 - 1 56
Sheep Nested-	PCR	sequencing 6 - 36 - - 1 - 43
ITS-	sequencing 15 - 28 - - - - 43
Culture 15 25 2 - - - 1 43
Goat Nested-	PCR	sequencing - - 12 - - - 12
ITS-	sequencing 7 - 5 - - - - 12
Culture 7 4 1 - - - - 12
Cat Nested-	PCR	sequencing 1 - 1 11 - - - 13
ITS-	sequencing 5 - 1 7 - - - 13
Culture 5 - 1 6 - - 1 13
Dog Nested-	PCR	sequencing 4 - - 5 1 - - 10
ITS-	sequencing 4 - - 5 1 - - 10
Culture 4 - - 3 1 - 2 10
Horse Nested-	PCR	sequencing 2 1 3 - - - - 6
ITS-	sequencing 2 1 3 - - - - 6
Culture 2 2 2 - - - - 6
Total Nested-	PCR	sequencing 14 55 53 16 1 1 - 126
ITS-	sequencing 35 54 38 12 1 - - 105
Culture 35 83 7 9 1 - 5 105
F i g u r e   1 . Results	of	Nested-	PCR	of	
Dermatophyte	and	Nondermatophyte	
Standard	Strains.	Lanes	M:	100-	bp	DNA	
markers; lane 1; T. benhamiae	(JCM	1885);	
lanes 2, 3; N. nana	(JCM	1907	and	CBS	
321.61); lanes 4, 5: N. gypsea	(IFO	5948	
and	CBS	130820);	lane	6:	A. flavus	(JCM	
2061);	lane	7:	A. fumigatus	(NBRC	4057);	
lane 8: C. albicans (ATCC 10231); lanes 9, 
10: T. simii	(CBS	417.65	and	CBS	520.75);	
lanes 11, 12: T. mentagrophytes	(CBS	
130815	and	NBRC	5809);	lanes	13,	14:	
M. canis	(CBS	130798	and	CBS	130811);	
lanes 15, 16: A. unicinatum	(CBS	130926	
and	IFO	13978);	lane	17:	N. persicolor 
(NBRC	5975);	lane	18:	P. cookei	(NBRC	
7862);	lanes	19,	20:	T. equinum	(CBS	
270.66	and	NBRC	31610);	lanes	21,	22:	
T. verrucosum	CBS	563.50	and	(554.84).	
Lanes	NC:	nested-	PCR	negative	controls
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nested-	PCR	and	direct	microscopy	(94.4%)	was	higher	than	between	
nested-	PCR	 and	 culture	 (83.3%).	 On	 the	 other	 hand,	 nested-	PCR	
was	positive	in	5%	and	15%	of	cases	negative	for	direct	microscopy	
and culture respectively (Table 2). In 105 culture- positive cases, the 
level of consistency for the identification of dermatophytosis agents 
by	kappa	test	was	found	to	be	100%	between	nested-	PCR	and	ITS-	
sequencing	 (gold	 standard)	 and	 was	 63.8%	 between	 nested-	PCR	
and	culture.	The	sensitivity	of	nested-	PCR	for	the	detection	of	der-
matophyte	DNA	ranged	from	5	to	100	ng/μL.
4  | DISCUSSION
A rapid and accurate diagnosis of animal dermatophytosis allows for 
the initiation of prompt antifungal therapy and prevention meas-
ures.6,7	In	this	study,	nested-	PCR	was	found	to	be	more	sensitive	and	
specific than KOH- microscopy and culture for detection and identi-
fication of dermatophytes. This is in agreement with Garg et al6, who 
developed	a	pan-	dermatophyte	nested-	PCR	targeting	the	chitin	syn-
thase 1 gene (CHS1)	with	a	higher	detection	rate	(79.6%)	than	direct	
microscopy	(63.4%)	and	culture	(25%).
The conventional strategies for the diagnosis of dermatophyto-
sis include direct microscopic investigation of KOH- treated samples 
and culture. Direct microscopy is fast and inexpensive, but it lacks 
specificity	and	shows	false-	negative	results	in	up	to	15%	of	cases.21 
Culture is a noteworthy adjunct to direct microscopic examination, 
which is essential for the identification of dermatophyte agents; 
however, the sensitivity of culture for diagnosis of dermatophyto-
sis is low.22,23 Especially, in case of animal ringworm, this ratio may 
be much lower due to the high contamination rates of samples with 
environmental saprophytes.12 It is also known that some dermato-
phytes develop no characteristic feature in primary isolation, fur-
ther complicating the results of culture for identification.24 In line 
with this fact, in five cases of this investigation, the culture isolates 
demonstrated no typical macroscopic or microscopic morphology 
for	dermatophytes,	whereas	all	cases	were	identified	by	nested-	PCR.	
Moreover,	the	zoophilic	T. verrucosum species is well- known for its 
poor growth in primary cultures due to the need for specific incu-
bation	 temperature	 (37°C)	 and	 nutritional	 factors,	 and	 sometimes	
the observation of sensible growth is accompanied with difficulty 
even after long incubation.12 In countries where antifungal therapy 
is not allowed before the culture verification of dermatophytosis, ad-
ditional sampling is needed for re- examination due to false- negative 
culture results,25 which leads to higher costs of sampling and incon-
venience for the sick animal. Overall, species distinction of dermato-
phytes by culture is difficult and has low specificity.26
On the other hand, in some instances, the mycologist is encoun-
tered with a clinical sample that is negative microscopically but 
yields a positive result in culture. Therefore, the employed diagnos-
tic technique is important. Taking into account this issue, new rapid 
and	accurate	methods,	especially	PCR-	based	approaches,	have	been	
developed for the diagnosis of dermatophytosis and identification 
of dermatophytes.6,9,25,27,28	Our	 developed	 nested-	PCR	 assay	was	
found to be specific and required no preculture step, which reduced 
the time to obtain the result from 2 to 8 weeks to 1 day. In contrast 
to	 the	survey	by	Brillowska-	Dabrowska	et	al25	 and	Paugam	et	al27, 
which	 found	 that	 the	efficacy	of	PCR	 for	 the	diagnosis	of	derma-
tophytosis was similar to custom direct microscopy and culture 
methods,	 our	 nested-	PCR	 enabled	 both	 detection	 and	 identifica-
tion of dermatophyte agents with more specificity and sensitivity. 
Detection of fungi in infected samples requires a high amount of 
extracted	 fungal	DNA,	which	 is	 not	 always	 obtained	 from	 clinical	
samples9;	however,	we	developed	a	high-	throughput	DNA	isolation	
method by combining a mechanical bead- beating procedure using a 
commercial kit.
In	the	study	of	Luk	et	al13, the detection rate of a single- round 
PCR	targeting	the	Topoisomerase	II	gene	was	reported	as	40%	com-
pared	with	29.2%	and	10%	for	direct	microscopy	and	culture	respec-
tively.	While	 the	 analytical	 sensitivity	 of	 PCR	by	 Luk	 et	al,	was	 as	
1:4	dilution	of	the	primary	DNA,	our	nested-	PCR	was	positive	in	a	
DNA	sample	for	which	concentration	ranged	from	5	to	100	ng/μL.	
In another investigation by Wisselink et al29, the detection rate of 
F i g u r e   2 . Results	of	Nested-	PCR	of	
Clinical	Samples	from	Some	Animals	with	
Dermatophytosis.	Lanes	M:	100-	bp	DNA	
markers; lanes 1- 4: T. mentagrophytes; 
lanes	5-	7:	T. verrucosum; lane 8: M. canis; 
lane 9: N. fulva; lane 10: N. gypsea.	Lanes	
NC:	nested-	PCR	negative	controls
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dermatophytes	in	clinical	materials	by	real-	time	PCR	(48.5%)	was	su-
perior	to	culture	(26.9%).	In	this	study,	the	use	of	pan-	dermatophyte	
primers	in	nested-	PCR	led	to	identification	of	all	reference	derma-
tophyte	strains	from	12	different	species	(Table	1).	Unlike	the	study	
by Wisselink et al29,	our	nested-	PCR	was	directly	able	to	identify	all	
the positive samples up to the species level and revealed no cross 
reaction between dermatophytes, medically important Aspergillus 
species, and C. albicans.
In	UK	and	US	practice,	samples	with	positive	direct	microscopy,	
but negative culture results are considered as true positive.25 Given 
this	 fact,	 our	 nested-	PCR	 yielded	 the	 highest	 positivity	 rate	 for	
dermatophytes, and the proportion of samples for which a derma-
tophyte	was	detected	was	 increased	from	75%	(105)	by	culture	to	
90%	(126)	by	nested-	PCR	(15%	false-	negative	culture	results).	Unlike	
some	studies	 in	which	 false-	negative	PCR	 results	were	 found	 in	 a	
few specimens from which a dermatophyte had been isolated in cul-
ture,25,29,30	 such	 results	were	not	observed	 for	nested-	PCR	 in	our	
study.
In view of specificity, proficiency testing indicates that species 
distinction of dermatophytes based on macro and micromorpho-
metrics of isolates in culture is difficult and has a low specific-
ity	 (56%).26 This fact was reflected in the current survey where 
accuracy	 rate	 of	 identification	 by	 culture	 was	 63.8%	 (67	 out	 of	
105).	Contrary	to	the	culture,	nested-	PCR	assay	displayed	excel-
lent	diagnostic	indices,	with	100%	specificity	for	identification	of	
infectious	 agents	 when	 compared	 with	 ITS-	sequencing	 as	 gold	
standard. Thus, the discordance between the data from culture 
and	nested-	PCR	assay	was	 significant	 (36.2%),	 and	one	must	 in-
quire the reliability of culture as a method for the identification 
of dermatophyte species. The most plausible explanation for this 
matter refers to the recent alterations in the taxonomy of der-
matophytes. As shown in the recent sequence- based investiga-
tions,17,31 the high degree of discrepancy between culture- based 
criteria	and	PCR-	based	methods	for	the	identification	of	T. verru-
cosum and T. mentagrophytes isolates is due to the fact that some 
dermatophyte strains morphologically masqueraded as T. ver-
rucosum are indeed the former T. verrucosum var. autotrophicum, 
which had been considered to be conspecific with zoophilic vari-
ant of T. interdigitale based on molecular data.32 These strains are 
morphologically similar to T. verrucosum, have some African and 
Asiatic sheep as host, and are again synonymised with the zoo-
philic T. mentagrophytes species in the most recent taxonomy.1 
This issue signifies that contrary to the sequence- based meth-
ods, morphological criteria are difficult to adapt with taxonomic 
changes, leading to misidentification of many species. Regarding 
the fact that most of the skin scales in our study were from cattle 
and hair from cats/dogs, it can be hypothesised that the ability of 
PCR-	based	methods	for	tracking	of	dermatophytes	in	hair	samples	
is lower than epidermal scales. Among 14 samples negative for 
nested-	PCR,	13	samples	were	from	symptomatic	animals	that	had	
also negative results for direct microscopy and culture (Table 2). 
One explanation for this finding is that the clinical signs in such 
cases result from infections or factors other than dermatophytosis 
such as demodicosis, bacterial folliculitis, seborrhoeic dermatitis, 
ectoparasites, nonpruritic alopecia, and abrasions caused by rub-
bing on rough surfaces.5
The advantages of Tef- 1α	 nested-	PCR	 assay	 are	 that	 it	 has	
a high detection rate, is much faster, specific, and less labour- 
intensive	 than	 culture-	based	 methods.	 Moreover,	 its	 material	
costs are almost the same as the costs for conventional direct mi-
croscopy and culture, but it has the possibility to obtain the result 
during one working day.
In conclusion, despite some limitations, the evaluation of 
nested-	PCR	targeting	the	Tef-	1α gene demonstrated that the test 
was robust and could enhance the direct detection of dermato-
phytes in pathological animal materials and drastically increased 
the specificity of dermatophyte identification compared to KOH- 
microscopy and culture. Therefore, it can help the veterinarians 
to initiate the fast and accurate antifungal treatment, to discon-
nect the chain of infection transmission in human and animal 
communities, and to provide data for epidemiological trends of 
dermatophytes.
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